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<54> Title: METHOD FOR INDCC1NC, VIRAL RESISTANCE INTO A PLANT 
<57i Abstract 



The present invention concerns a method for 
inducing resistance to a virus comprising a TGB3 
set] ue nee with the proviso that it is not the potato 
virus X, into a cell plant or a plant, comprising the 
following steps preparing a nucleic acid construct 
comprising a nucleic acid sequence corresponding 
to at least 70 r c of the nucleic acid sequence of 
TGB3 of said vims or its corresponding cDNA, 
being operably linked to one or more regulatory 
sequence-is) active in a plant, transforming a 
plant cell with the nucleic acid construct, and 
possihk regenerating a transgenic plant from the 
transformed plant cell. ITie present invention is 
also related to the plant obtained. 
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METHOD FOR INDUCING VIRAL RESISTANCE INTO A PIAy r 

10 

Field of the invention 

The present invention is related to a method 
for inducing viral resistance into a cell and plant, 
especially BMYW- resistance into a sugar beet cell and 
15 plant and the viral resistant cell and plant obtained. 

Background of the invention and state of the art 

The widespread viral disease of the suaar 
beet plant [Beta milaaris) called Rhicomama is caused by a 

20 furcvirus, the beet necrotic yellow vein virus ; BNYW ) [22, 
24' which is transmitted to the root co the beet bv the 
soilborne fungus Pp-Zyny,\fl £et-ae ; 2 5 ■ . 

The disease affects significantly acreages cf 
the area where the sugar beet plant is grown ror industrial 

2 5 use m Europe, USA and Japan and is still iri extension m 
several places m Western Europe >2-;, 2" . As there exists 
no practical method to effectively vrorii the spread cf 
the virus a: a large scale by chemioal - r- r:y.\s i - a 1 means 
23 ■ , neither m the plants ncr m t:ie so.. . mam locus 

30 has been to identify natural sources of res; stance witnm 
t n e s u g a i' oee i g e r mp 1 a s m and t ~ .i e v e 1 i o :y creed: no , 
vmimi-s i ouohii plants beet -;::r--oh:o to-- resistance 
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genes. A variety of such tolerance genes to the V1 . us has 
been identified and, some have been successfully useV in 
tne breeding of commercial sugar beet varieties (2S 30 
31) . 

Only the use of BNYW- resistant or tolerant 
varieties will enable farmers to grow sugar beet olants m 
BNYW- infected areas where sugar beet plant is an essential 
component of the crop rotation and contributes 
significantly to the grower's income. 

A number of detailed studies have shown that 
a difference m susceptibility tc the BNYW -infection among 
sugar beet genotypes or varieties, general- reflect 
difference m the diffusion cr translocation of cine virus 
in the root tissues (32). 

However, there are still few reports which 

indicate clearly that the tolerance genes, even from 

differing sources of sugar beet germplasm or wild relatives 

germplasm (33), would provide distinct mechanisms of 

resistance. Such a situation would represent a more 

nr.anayticibie situation tc dps^an --vn- To-*-- 

Jth ^ n - on - casting BNYVV- 

resi stance strategies . 

Since 1986, number of reports and 
publications have described the use of isolated viral gene 
sequences expressed m plant to confer a nigh level of 
tolerance against the virus or even to confer a broad 
spectrum type of resistance against a number of related 
viruses ,34, 35, 36;. One of tne most documented viral 
resistance strategy cased cn genetic engineering, :n many 
cultivated species such as potato, squash, cucumbe 



30 tomato, is tne use of r .h« v:ra! gene sequence 



or 

ncodmg ohe 



protein of the target virus - which moor the 



of planr regulatory oilmen* 



re expressed m 
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pi ant . 

However ir. the case of tne :ca:-prote:n 
mediated resistance, the expression f i certain Level of 
resistance m the transgenic plant might ce attributed to 
5 different mechanisms such as RNA co- suppression and not 
necessarily to the production of the protein sequence. 

In general, the virus s^auenc^ will be 
transformed m an appropriated cell or a tissue culture of 
toe plant species using an Agroba cterz um mediated 
10 transformation system or a direct gene transfer method 
according to the constraints of the tissue culture or cell 
culture method which can be successfully applied m a aiven 
species . A whole plant will be regenerated and the 
expression of the transgene will be characterized. 
15 Though sugar beet is known as a recalcitrant 

species m cell culture, limiting the extent of practical 
genetic engineering applications m that species, there are 
number of isolated reports of successful transformation and 
regeneration of whole plants (38;. A few examples of 
20 engineering tolerance to the BNYYV by trans tormina and 
expressing the 3NYW coat -protean sequence m the sugar- 
beet genome have also been published J:-, WG9 1/13 159) 
though they rarely report data on who^e functional 
transgenic sugar beet plants (40^ . In particular, reports 
25 show limited data on the level of resistance observed in 
infected conditions with transgenic suaar beet olants 
transformed with a gene encoding a 5>JYt~ ' ■'oar-crrtem 
sequence * 4 1 , 42; . 

A complete technolcoy peerage :::^l.;.im^ a 
3 0 sugar beet transformation method ana th~ use st the 
expression :f the BKYTJ coat - p rot e i ::.vr.:^:> *s resistance 



WO 98/07875 PCT7BE97/00092 

4 

transformation method has been described m the Patent 
Application W031/13159. 

Based on the information published, it can 
not be concluded that the coat -protein mediated resistance 
5 mechanism provides any potential for conferrinq to the 
sugar beet plant a total immunity to the BNYW- infection by 
inhibiting completely the virus multiplication and 
diffusion mechanisms. To identify a resistance mechanism 
which enables to block significantly the spread of the 

10 virus at the early stage of the infection process would be 
a major criteria of success to develop such a transgenic 
resistance, in addition to the fact that even a level of 
resistance comparable to those known fron the genes of 
resistance identified within the sugar Deet germplasm would 

15 diversify the mechanisms of resistance available. 

Because the disease is shown to expand m 
many countries or areas, at a speed depending upon the 
combination of numerous local environmental and 
agricultural factors, there is a ma^cr interest to 

20 diversify the sources of genetic resistance mechanisms 
which may, alone or m combination, confer a stable and 
long lasting resistance strategy in the current and future 
varieties of sugar beet plants which are grown for 
industrial use . 

25 The publication of Xu H. et ai . 'Plant Cell 

Report, Vol. 1 ^ , pp. 91-96 ;i995-* describes genetically 
engineering resistance construct tc potatc virus X m four 
commercial potatc cul tivars. However, save document states 
that transgenic potato von-s which have included the 3 KG 

3 0 gene (the TGS1 construct; . However, wnen these Vansaenic 
plants were challenged with PYX, the^-* was protection 
against PYX suggesting that th*_- Or' prrteir: oe^c not ciav a 
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A ims of the invention 

The present invention =ims to provide a new 
5 method for introducing various viral resistances into a 
cel. and a plant and the viral resistant cell and plant 
obtained . 

A mam aim of the invention is to provide a 
new method for introducing BNYVV resistance into a cell and 
10 a plant and the BNYW-resistan: eel" and plant, m 
particular a sugar beet cell and plant Seta T .*ulcrari s 
ssp . ■ , obtained. 

Summary of the invention 

15 The present invention provides the use of an 

alternative sequence of plant virus, especially the BNYW, 
to obtain a high degree of tolerance to tne viral 
infection, in particular- tc ensure a rapid and total 
blocking of virus multiplication and diffusion mechanisms 
20 m a plant, especially m the sugar bee: plant ■ Ee ta 
\ul gari s ] , including fodder beet, Swiss Whard and table 
beet, which may also be subject to this viral infection. 
Expression of the resistance will obtained ^n transgenic 

cell and plant, especially sugar bee^ :eihs and olants 
25 produced by the transformation met hoc subject to the Patent 
Application WO95/10178 or by other transformation methods 
based on A^rcbazteri urn tumefaciens direct gene transrer. 

^oause "o its high efficiency, t:>- ' oiro:;r-o:o. method 
cs described m WC 9 5 / 1 0 1 ^ S enables ~ n-r : r ;o;v o;:; o: i^oae. 
30 hucjoers of t r ans f o rma t e oi plants --sp— nail/ suaar ceet 
o ^ a n t ^ : ana .*, — 1 no c r e t e r r e d " ■ 1 ~ * ~ - j i ~o ~ r a r - i? u ^ " ~ ^ *~ *- - : -> 
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viral resistance. especially BNYW Resistance including 
their field evaluation. 

The genome of beet "p^i, ,, ci11 

— ^i^ /el low vein 

furovirus (BNYW, consists of f ive plus -sense RNAs two of 

WhiCh (RNAS 1 ^ 25 -de functions essential for 
infection of all plants while the other three ( RNAs , 4 
and 5) are implicated in vector-mediated infection of sugar 

beet (Beta vulgaris) roots (1; -el-m 1 

' ' ' - eu u ">-sii movement of 

BNYW is governed by a set of three successive, slightly 
overlapping viral genes on RNA 2 known as zhe tripl- c;ene 
block (TGB) ( 2) , which encode, m order, the viral proteins 
P42, ?I3 ana ?15 (gene products are designated by their 
calculated M r in kilodalton (3) . 

In the following description, the TGB genes 
15 and the corresponding proteins will be identified bv the 
following terms : TGB1, TGB 2 , TGB3 or by tneir encoded 
viral protein number P42, P13 ana P15. TGB counterparts are 
present m other furoviruses (4, 5), and m potex-, carla- 
and hordeiviruses (6) 

In the table 1 are represented viruses having 
a TGB3 sequence, the molecular weight of TGB 3 of said 
viruses, their host and references. 



z u 
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TaJ?].e I 



Virus 



ISize of Host 



Reference 



f TGB3 | j 
— ... . . - _ _ — . . i ' 


Apple stem pitting virus 

i 


is kDa 

1 


j appl e 


Je 1 kman , J . Gen . 
Virol . 75, 1535-1542 
■■1994) 


(Blueberry scorch virus 


( 7 kDa 

l 


blueberr ICavileer et al . 
v | Gen . Vi r^ i . ^5 " ■ 1 
h20 ; 1994 J 


Fotaco vi rus M 


7 kDa 


potato 

1 


Zavriev et al . , S. 
Gen . Virol . "2, 9-14 
.1991 



White clover mosaic 
v i rus 



3 kDa ! clever 
i 



Fcrster ec aJ 
Nucl . Acids Res . ] 
2 91-303 '1988) 



4- 



, vttUdi ri i hit, no s a i c v i ru s 



10 kDa orchid 



iNeo e t di. ( Flam 
Mol - Biol . 19 , 1027 - 
1029 (1992! 



| Bar ley stripe mosaic 
; vi rus 

Pctacc moo t oc v i rus 



kDa barle\ 



KJd 



jdustatson et a*. 

i Nucl . Acids i?es . 14 

I 

|J«95-39C9 ■: 198 6 



potato I Scott et al . , J 
1 Gen . Vi roi . t* 5 

ji55 1 - 35n8 ; 1994 • 



Peanut clumo virus 



ki_Ja peanut 



:i e r : 



1 . 



131 



1 -Jib 



.994 



4- 



Beet soil -borne virus 



Kua 'sugar 
: beet 
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said plant, especially into its root tissue. In order to 
demonstrate said resistance, the Inventors describe 
hereafter the effect of the overexpress ion of TGB sequences 
alone or in combination upon BNYVV multiplication and 
5 diffusion mechanism m plants of T . qui no a which are also 
the hosts of the BNYVV virus and which could be more easily 
manipulated by the man skilled in the art. 

The Inventors have 1 also made experiments anon 
Beta macrocarpa . These results nave shown tnat it will be 
10 possible to obtain also the transformation of plants bv the 
me t h o d a c c o r d l ng to the i n ve n 1 1 o n a n d o b t a i c o x cress i o n o f 
TG53 gene by sard plants. Therefore, as explained iri the 
following description, said method could be used to obtain 
various viral resistances into various plants species 
15 subject to infection by viruses characterized bv the 
presence of a TGB3 sequence m their genome. 

It is known that B^xVV does net require 
synthesis of viral coat protein for production of local 
lesions on leaves of hosts such as Chencpodi um guinea (7), 
2 0 iniicdii ng tnat virion f o r ma 1 1 o n i s n o t r e qu ircc: f c r cell - 
to- ceil movement . 

However, the manner m wnicn tne TGB 
components assist m the movement ■ process is not understood 
although oomput e r - ass i s ted sequence comparisons nave 

2 5 detected characteristic cot: served sequences which may 

provide clues to their function. Thus, the r ' proximal TGB 
protein (TG31? invariably contains a series of secuence 
motifs charac t e r i s 1 1 c of an AT 1 ? / GTP' - o i no in a he case while 
the second protein ; T G B 2 ; a 1 w a y s h a c t w o- p o t e n t : -a 1 1 v 

3 0 membrane - spanning hydrophobe" domain. sepaiti f . e T by a 

hy drop hi lie sequence which contains t nignly men served 
peptide net if of unknown significance > . To- s-cuon — a ad 
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si-- of trie third TGB prc:e:n TGS^ is more variable 
alchouqh the N- terminal portion is generally rather 
n\ r dr cphobi o . Subgencric RNAs with - ; terTiri maco i r.a 
upstream of the 3NW TG31 ana 7GB2 ooen readma frames 
5 'ORFs) have been detected 'Figure 1 but no such species 
has been reported for TGB3 of BNYVY (2), or of arc/ other cf 
the 7GB- containing viruses. In the case of potato virus X 
' PVX ; ret 3': and barley stripe mosaic virus iHSMV; ref . 9), 
there is evidence that the TGB2 and TG3I croducts are 
10 expressed from the same subgenomc RNA . 

5c far, no example has been reccrt ed of a 
virus in which the three 7GB members are arranged 
differently on the same RNA or ar° parcelled cut to 
different genome RNAs , suggesting that their association in 
15 a particular oraer might be important m regulating -heir 
funct ion . 

The present invention concerns a method for 
inducing viral resistance to a virus comprising a triple 
gene bloc's: iTGB) with the proviso that it is not the potato 

20 virus X. Said virus i_s preferably selected fr^ro the grouo 
consisting of the apple stem pitting virus, the blueberrv 
scorch virus, the potato virus M , trie white clover mosaic 
virus, trie Cyiribi di iirn mosaic virus, the barley strioe mosaic 
virus, the potato mop top virus, the peanut clump virus and 

25 the beet soil -borne virus; said method comprises the 
following steps : 

- preparing a nucleic acii construct, ocmonsinq a nucleic 
acid se cue nee cciresrcidic: t >: ,r -ouor ■ of the 

nucleic acid sequence cf TGBj c: said v : : ;s :r its 
30 corresponding cDNA, ceinu iperably linked t : cue or mere 

r^nulatcr-v sequence's active in riant, 



WO 98/07875 



10 



PCT7BF97/00092 



- transforming a plant cell with the nucleic acid 
construct, and possibly 

- regenerating the transgenic plant from the transformed 
plant eel 1 . 

5 Preferably, the plant is a plant which may be 

infected by the above - described virus and is preferably 
selected from the group consisting of apple, blueberry, 
potato, clover, orchid, barley, peanut and sugar beet. 

The present invention concerns also the 
10 obtained plant cell and transgenic ;cr transformed'; plant 
(made of said plant cells) resistant to said viruses and 
comprising said nucleic acid construct. 

The Inventors have also discovered 
unexpectedly that it is possible to induce BMYW- resistance 
15 into a plant by a method which comprises the following 
steps : 

- preparing a nucleic acid construct comprising a nucleic 
acid sequence corresponding to at least 70%, preferably 
at least 90%, of the nucleic acid sequence of comprised 

20 between the nucleotides 362^ and 4C25 of the - ' strand of 

the genomic or subgenomic RNA 2 of tne 3NYVY or its 
corresponding cDNA, being operably linked to one or more 
regulatory sequence (s) active m a plant, 

transforming a plant cell with said construct, and 
2 5 possibly 

regenerating a transgenic plant from the transformed 
pi ant eel 1 . 

The n a oleic a c i a sequen c a c o mp r i sea b e twee n 
the nucleotides 3 -~ 2 " 7 and 4125 ?f tne "'strand of the 
30 genomic or subaenamic RNA 1 encoding the PI 11 : protein is 
described in th*: figure 6 ana m r he publ i cat ion ' 1 . Said 
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sequenre are described :r. :he f c 1 1 cw: no spec::: ::;cn => ^ SEt 

i p r-j ■. . : . 

Ar.c t he r a spec t c r the creser.l i r.ven t i o r 
concerns a plant cell and a transgenic plant made of said 
5 plant cells' resistant to BNYW and oompr l s ma a nucleic 
acie c ens cruet na vmg a nucleic acid sequence ec r resnendmq 
to at least 70%, preferacly at least. 90^, to the nucleic 
acid sequence comprised between the nucleotides 3 62" and 
4C25 or the z ' strand of the genomic or subgenera! c RNA 2 cf 
10 Birr P J or the corresponding eDNA, being operafaly linked to 
one cr more regulatory sequence .'s; active in the olant . 

Preferably, said plant cell or transgenic 
plant :made of said plant cells ) resistant tc BNYVV is 
obtained by the method according to the invention. 
15 Tne variants of the nucleic acid sequence 

described as 5EQ ID NO. 1 comprise insertion, suns 1 1 tut ion 
or deletion of nucleotides encoding the same or different 



ammo ac:d«s' . Therefore , the present invention eon 



cerns 



also said variants cf the nucleic acid sequence SEQ ID NO. 
20 ; winch present more than ^0% homology with said nucleic 
acid sequence and which are preferably aole te nybridiee to 
said nucleic acid sequence in stringent or non - s t r i nqen: 
conditions . 

Preferably, said sequences are ax so able to 
2 5 indue e BNYYY resistance into a c ] a n t . 

Tne terms "inuuoe a viral resistance into a 
plant" mean inducing a possible reduction o: a 
significative delay :nto the appearance :: mreotion 
symptoms, \ r irus mu j t i pi i cat : on ;r • t s d i f f ^ s i ~ r. me ~hac. : sms 



ar. ": 



so i r:r- !-Hq 

~ - - - d 
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sequence (s) active into a plant. 

The nucleic acid construct mav 
selectable marker gene, which could be used' to ident-- the 
transformed cell or plant and express the nuclei^Vj 
construct according to the invention. 

Preferably, the cell is a stcmatal ceU ^ 
^e plant is a sugar beet (B^^^^ ., ^ Qf ^ 



-ells 



According to the invention, the promoter 
10 sequence is a constitutive or foreigner vegetal pr3Bot . r 
sequence, preferably selected from the group consisting of 
35S Cauliflower Mosaic Virus promoter seauence 
polyubiquitm Arabidcpsis thaliana promoter (43 > a 
promoter which is mainly active m root tissues such as tne 
15 par promoter of the haemoglobin gene frcm Perosoonia 
andersonn (Landsman et al . Mol . Gen. Genet. 214 : 68 . 73 
(1988)) or a mixture thereof. 

A last aspect of the present invention is 
related to a transgenic plant tissue such as fruit, stem, 
20 root, tuber, seed of the transgenic plant according to the 
invention or a reproducible structure (preferably selected 
from the group consisting of calluses, buds or embrvcs) 
obtained from the transgenic plant or the cell according to 
the invention. 



25 The 



techniques of plant transformation 



tissue culture and regeneration used 



the method 

according to the invention are the ones well known b „ ^ 
person skilled :., the art. Such techniques are oreferably 
tne ones described m the International P,te-r Ao^-^ r _ 
30 WO95/1017S or WC91/13I59 corresponding to Uv: Eurooean 
Patent Application EP-B- 0 517833, which ar- - r 



rpc ratai 

here - n ' r Y reference. These technic 

3 3G 



•rar-l-.- 
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.cr :r.e preparat 
the invention. 



i c n 



;f transaen:: si 



:qar nee: s 



■:ora:nq to 



Brief description of the drawings 

The figure 1 represents Structure cf wild- type 3MYW R1JA 2 
and cf replicons expressing TGB proteins. 

The figure 2 represents the In vvi tjro translation or the 
repl icons of the TGB aenes m wheat aern 
ext ract . 

The figure represents the amplification of the repl— ens 
encoding the TGB proteins m Chenopcdi'am 
juinoa. protoplasts and expression of P4 2 . 
The figure 4 represents the complementation of RNA 2 
transcripts containing defects m the 
different TGB genes oy the corresponding 
wild -type gene supplied from a repl icon. 
The figure S shows the effect cf replicons on infection 

with w i 1 d - 1 ype BNYVV RJWAs 1 and 2 . 
The figure i represents the nucleotides and amine acid 

sequence of TGB 3 encoding the PI 5 of BMY^.T. 
The figure " shows the presence cf toe coding regions of 
rne BNYW pi 5 gene m the sugar beet aencme 
cy a PGR . 

The figure 5 snows the integration cf the BNYW ?12 gene 
m the sugar beet genome by Southern blot 
hvbr idi sa t ion . 
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whether independent expressions of the 3NYW TGB 

possible bv ih^^^t ^ ^ 



each ^ n t- - 

. ■ ■ rai 
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replication-dependant 'r^X.con- derived . roK BNY „ 
The inventors have showed that ln mixed ln£ecr , ons Qf ^ 
S OUiura leaves, the BNYW TG B1 or TGB2 protein so » xpre s.-ed 
can complement 3N Yw RNA 2 containing a mutation disabl ing 
the corresponding TGB protean. Ko complement a t lon was 
observed with a replxcon containing TGB3 . however UPlMa 
the TGB3 ORP „ as positioned downstream of the ORR for ' TO82 

m the replicon. When cc- mocul a-ed 

^nocjia.ed witn wi^d-type RNAs l 

and 2, the replicon expressina th- TGB n 5ff 

n " lblt ' d "••'•« i ° n - The *f «. consistent with a mode! 
tor expression of the TGB Proteins rn which translation of 

P " £r0! " 3 d; " SCronic subgenomrc RNA reflates P15 
15 expression fevels in vivo. The Mentors nave also 
identified that high expression of P15 could ensure a -apid 
and total blocking of viru. multiplication and di ifuslon 

mechanisms m the plant. 

20 MATERIA!, g ANT; M'Rf yynpc; 

cdna crl^n 0 ? 

The transcription vector for oroduction of 
wild-type full-length BNYW RNA 1 and RNA 2 we- pEr 5 , 10 > 
and PB2-14 (11), respectively. Transcription vectors , or 
25 previously described RNA 2 mutants were pB2-14-F, - H 

and -j (2) and P B2-14-ASN. -AS12, -AS37, - AB I , , . ^ 

-AN and -GAA The RNA 2 deletion mutant pB2 _ 14 . Rpi 

was produced by elimination -v.,- . 

sequence between 

nuclec::des 3 i ^ a tpp ~: ~ ^ o nr u 

— .^j.-i - -aenvea 

30 rephcon, repO, was obtained bv ^ a , s .. ir . lrn , , 

cieleticr: nucanr pB3F?AAES 1:2.. . TGB sec 

into reoO ^ere amcl ^ ^' ■ oh b- - ^- • 

^ ' --^ D / - ^- polymerase -ha: 
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. PCR using primers which each contained a ncr.- temciated 
BamHZ sir- at "heir -'^extremity. PCR fraamencs 
corresponding : : the P4 2 gene 'nucleotides 212^ 12?^ , one 
P13 gene [nucleotides 3252-3650*, the PIS gene 'nucleotides 
5 362^-4025^ and both the P13 and P15 genes ! nucieot ides 
32 32 -4025, were digested with BajnHZ and inserted mtc 
Bairdll - cleaved p33 5A^ES. The resulting constructs were used 
t o transcribe rep4 2 , rep!3, rep 1 5 , and repi315, 
respectively. A replicon containing a franesm:: mutation 

10 m the PIE OR?' -Repl5-X' was produced by filling m the 
overhangs of an insert Xbal site -nucleotide 3 94 8, . The 
insert framesnift mutations in rep!3-I, repl315-I and 
repl5-o were created as described for tne corresponding 
mutations m full -length RNA 2 (2) . Cloned PCR - amp 1 1 f i ed 

15 sequences were verified to be error -free by sequencing 
; ' 1 3 i . 



In vitrc transcripts 

Capped transcripts were prepared by 
20 bacteriophage T 1 ^ polymerase run-off - ranscr i p t i on (10' of 

plasmid DNA linearized by .S'mdlll for pR12 and tne repl icon 

constructs and by Sail for pB2-14 and related constructs. 

Transcript concentration and mteqri 

agarose gel electrophoresis. Leave 
25 inoculated with 50 ui oer leal o : 



were eva . ua t eel by 
we r e me c h a n i c a 1 1 v 
inoculation buffer 



M9 



containing 
e x n g r i m ^ n t ~" 

B N T Y VY i s o 1 a t e C t r a s 



eacn t ranscr ice 



me RNA 1 and 2 



vansii : o 



^ 1 - ^ n some 
were repl aced by 

<p r i *^en^ s c:: we i 
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transcripts. For protoplast infections, 0.5 uq of viral 
RNAs 1 and 2 plus 3 /ig repliccn transcript were inoculated 
to 2 . 10 3 protoplasts by elect roporat ion (2) . 

Transcripts obtained from replicons were 
5 translated in a wheat germ extract (14) and the [ 3 ^S]- 
labelled translation products were visualized by 
autoradiography after SDS-PAGE (15, 16). Radioactivity 
incorporated into translation products was quantified with 
a ?uux MAS1000 3ioAnalyzer and the values were adjusted 
10 for methionine content i n calculating relative translation 
1 eve 1 s . 

Detection of viral RNA and proteins 

Total RNA was extracted (2) from inoculated 

15 leaves 10 days post- inoculation (pi) and from protoplasts 
48 hr pi. Viral RNA was detected by northern hybridisation 
with 32 P-labelled antisense viral RNA transcripts (17) as 
probes. The RNA 1- specific probe was complementary to 
nucleotides 4740-5650 # the RNA 2 -specific probe to 

20 nucleotides 2324-3789 and the RNA 3 -specific probe to 
nucleotides 1-380. P42, P14 and coat protein were detected 
by Western blct of total protein extracts of infected 
protoplasts using a rabbit polyclonal antiserum specific 
for each protein (18) . The stability of mutations 

25 introduced into RNA 2 was tested by the polynucleotide 
chain reaction following reverse transcription (RT-PCR; of 
total RNA extracts from infected plants, Reverse 

transcripts were produced with an Expand^ reverse 

transcription kit ■ Boehr i riger ■ following the manufacturer's 

30 instructions. PCR was carried ou" essentially described 

: 1 9 '! us mo 2 t cvcles of the f ■■ 1 ".wine rec imcu : 9 4 '■■ 3 0 
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'rimer pairs fcr PCR 
of the RNA 2 



sec , u „ - : C sec , ^2 '-■ '1 mm 

a mp 1 : r i c a H i c r: or different re o i c n? :: c n o RNA 2 c DMA 
corresponded r: ■ or were corrrleT.encarv to, in the case of 
second member of each pair of primers' nucleotides 
115 1 and 3 3 33-3412 ''P42 gene": , and nucleotides 3 151- 
3 16 3 and 4 12 8-4 143 (PI 3 and PI 5 genes' . The primer used tc 
initiate cDNA synthesis prior to tne PCR reactions was 



the 



- - ^ j 



mo 1 emen t a r - 



r:u c 1 e o 1 1 de s 4123-4148 



RESULTS 

Rep: icons expressing the BMYW TGB proteins 

Provided that sufficient sequences at the 3'- 
and 5 ' -extremit les are retained, a 3NYW RNA 3 transcript 
from which the central region has been deleted can 
replicate efficiently on C. quinoa leaves when comoculated 
with RNAs 1 and 2, and can express a toreign gene inserted 
i n place of the deleted sequence (12, 20} . The Inventors 
have used such an RNA 3 -based "replicon" to express each of 
the BNYW TGB proteins out of their normal context m RNA 2 
and tested the capacity of each replicon to complement an 
RNA* 2 mutant defective in the corresponding TGB gene. 

The repl icons employed in this studv are 
depicted m Figure 1. Figure 1 Ads the Genome mar of RNA 
2. The TGP ceres are shaded and lines above the map 
indicate the extents of the surgenomic RNAs .sue, and 
2subw. The positions of deletions and r rameshi f t - inducing 
insertions in RNA 2 are indicated. To- ""'-terminal cat: 
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virus (PCV) (dark shading/ . The Basnlll sue m the --notv 
replicon (repO! used for insertion of the PGR - amo 1 i f i e d ^GS 
sequences -3 shown. The positions of f rameshi f t - inducing 
insertions m the various P13 and P15 mutant repl icons are 
5 indicated. In addition to the constructs rep42, rep!3 and 
repl5, which each contain a TGB gene, a fourth construct 
(repl 3 15) was produced containing bet I: the Pi 3 and PI 5 
genes arranged m the same relative configuration as m RNA 
2. The ability of each repl icon to direct expression of the 
10 inserted gene or genes was tested by m vitro translation 
of the transcript m a wheat gem extract. The rep42, rer_'13 
and replS transcripts each directed synthesis of an 
abundant product (Figure 2A, lane 2; Figure 23, lanes 2 and 
3;, which was not produced in translations programmed with 
15 transcript corresponding to the empty replicon, repO 
(Figure 2A, lane 1; Figure 23, lane 1). In the figure 2 
(A), are represented 3 J - me t hionme - 1 abe 1 1 e d translation 
products of the empty replicon repC lane l ; and rep42 
(lane 2) displayed by autoradiography following PAGE (15) 
20 The indicated band was identified as P42 by comparison of 
its mobility to that of molecular weight markers ; not 
shewn; . In the figure 2 (B) , are represented translation 
products directed by repO (lane 1;, repl3 'lane 2), repl 5 
cane 3( and repl3 1E (lane 4) displayed by autoradiography 
25 following PAGE (16; . The oands tentatively identified as 
P13 and P15 are indicated to the right. The background band 
deno t ed by an a s t ens k was a 1 s o s y n t he size: d when no 
transcript was introduced int. o t h e t r a n s 1 a t i o n *. .■ x t r act . The 
relative mobilities or r.r.- various vicdac.c crcdurcs 
30 were as expected except that the putative p: : migrated 



s 1 ight ly mor< 
none v:: iti( ami 



slowly than Pic presumably oecause :;t its 
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construct r 
.Figure 2B 
' va I ues -? r ; 



I ane 



ctea synthesis of both PI 3 
m relative nclar amounts 
he i:::erenu- in methionine 



ana ?i 5 



J : 1 



10 



ucrit erit s 

cf the two proteins; if the N- terminal methionine of each 
protein is removed pes t - t rans 1 a t 1 ena 1 ly , the molar ratio is 
5:1- . 

The capacity of the repl icons to be amplified 
icy the viral replication machinery in '/ivo was tested ov 
comoculat mg replicon transcripts to O. cjuinna orotcplasts 
along with 3MYVY RNA ' s 1 and 2. Northern blot analysis of 
total RNA extracted from the protoplasts 48 hr 01 revealed 
that aii the repliccns containing the TG3 genes were 
efficiently amplified "(Figure 3A; The figure 3 (A) 
represents detection by northern hybridization of viral 
15 RuN As m Z. guinea protoplasts inoculated with BNYYV RNAs 1 
and 2 alone 'lane 2! or supplemented with repO (lane 3) 
rep42 hane 4> rep 1 3 !lane 5) rep!315 (lane 6 1 and replS 
1 lane 7 . RNA from mock- inoculated protoplasts was analyzed 
in lane 1. The protoplasts were harvested 48 hr pi and 
20 viral RNAs were detected using ^'P- labelled viral RNA- 
specific antisense RNA probes. The repl icons are indicated 
by arrow heads. The figure 3 ( B ] represents Immunodetection 
of P42 m total protein extracts' of C . 'Cr^Linoa orotoplasts 
inoculated with 3NYVV RNAs 1 and 2 (lane 2:, trunscrir: of 
25 wild- type RNA 1 plus transcript of the RNA 2 mutant o- 
H, which contains a frameshift mutation m the p.;: 
,ll l Tane 3-, tne RNA 1 and pE2-14-H transcriotc 
r ep4 2 .lane 4 . Protein extra .^ed f r ~ moo x 1 
protoplasts was analyzed ir. lane 1. Alter "ATE 
3C elect ret ransfer ~~ n 1 1 r ? c- 1 ^ 1 o se P4 2. 111-- 



ge ne 
: o plus 
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Secular weight standards are iJlbeU ^ ;n kllodalcon: ^ 
the .eft of Che blot. Western blot analyse revealed ,h ar 
"* ? " leVEl ln P««Pl-t. infected „ lt h a mi > : - u .„ of 
«p42 plus transcripts of RNA 1 ana the fra.esMft mu ,ant 

pB2-i4-H, caused by filliro n *n r-^^r 

y ^"ing m an Spel site within the d 42 

9ene of RNA 2 (see Figure 1; ^ ^ ^ ^ 

protoplasts infected with RNA l plus wild- type RNA 2 
figure 3B, lanes 2 and 3». Mote that the levels of 
accumulation of two other immunodetectable RNA 2 - f ene 
products (the major viral coat protein and P14 ; Figurel) 
were not modified by the presence of re P 42. P13 and ?15 
could not be immuno - detected m such experiments. 

The B^YW T G F r r^n^ g can be m^ ^ r ,^ < n ^_j^ 

The ability of the replicons containing the 
TGB genes to supply movement functions in whole plants was 
tested by comoculatmg leaves of the local lesion host ^ 
munza with one of a series of RNA 2 transcripts containing 

a L mUtaC1 ° n dls * blin 9 * TGB gene plus a rephcon containing 

20 the corresponding wild-tyue aene Tn ,n 0 

^ ^yue gene, m all experiments, the 

inoculum also contained transcript of wild- type RNA 1 as 
source of viral RNA- dependent RNA replicase, although this 
fact will not always be stated explicitly below. For the 
?42 gene, the RNA 2 mutants tested included the frameshi- 
25 mutant (pB2-L4-H: caused by fll ling in an SpeI slCe a ~ 
nucleotide 2280, a series of mutants containing short in- 
frame deletions at different positions ir. P -, ™ 
mutants pB2-14-AS12. -ASN, - SB I , -AB::, -an, and .^ H? . 

figure 1A ; also s^e ref ■ ~ * - 

, ana ± a-..-!::ori mutant ip3^- 

30 14-F; Figure 1) where removal of * 03-, r , u ^ n . , . 

1 — °'-ae sequence 

upstream of the ?4 2 ORF has - n ar--u^ . 

nci^ .n3L^..,atHO . ;ie promoter for 

th "' SUb?eRO ! l ; ' RNA ! RNA 2sub H : r««p~nsibl- tor P42 
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;cu^a .cr.raimng RNA 1 transcript plus any one 
-utar.t RNA 2 transcripts did ::ct produce local 



-5 



a cruQerv virj 
.noculated leaves 10 day; 



ref . II fcr the other 



mat?.: 



FN A could be 
) i 1 Figure 4 , 
! ■ - In the 



detected m th 
5 1 ar.es 1 ana 5 ; 

figure 4, the replicon indicated at the top of each lane 
was inoculated to leaves of ' Ct c[uinoa together with wild- 
type RNA 1 transcript plus either wild-tvpe RNA 2 
transcript ; lane 2 or the T.utanr RNA 2 transcript 
10 identified above each lane. In lanes 19 and 2C the inoculum 
contained rep42 and rep!5 -lane 19> cr rep42 and repl215 
dane 2 0 < , m addition to RNA L and p32-14- HP1 
transcripts. lane 1 contains RNA from a nor: - inoculated 
control plant. Inoculated leaves were harvested 10 days pi 
15 and tested fci viral RNA contents by northern hybridization 
as described m Figure 3. The positions of reel icons are 
indicated by arrows. When rep42 transcript was included in 
the inoculum, numerous local lesions 2 C - 8 0 oer leaf) 
appeared on the inoculated leaves except fcr the inoculum 
20 containing transcript of one RNA 2 deletion -mutant pB2-14- 
KP1, wnich remained symptomless . The resulting pale qreen 
1 e s i ons we re similar i n appearance t o those elicited by 
inoculation with RNA 1 plus wild-type RNA 2 except fcr the 
RNA 2 mu tare p B 2 ■ 1 4 - F , whe re necrotic local lesions we re 
2 5 f c r me a . In this later case, the ne c r o 1 1 o 1 e 
may be related to production of a truncate 
readthrcugh RT 1 protein by this RNA 2 mutant 
M ^ r t h em h y c r i d i o a 1 1 o n of t . 
~ eaves 1 0 davs or revealed the creser. oe : r 



o h e n c t vp e 
im of the 

oo -ulat ed 



rna 2 



xcept the 
o w i 1 1 b e 
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shown below, the failure cf dB'' - M ^ u 

— pa. .4 to be complemented 

by re P 4 2 13 probably due rie^-ti-n of . ho 

- cun on - n e promoter for- 

the subgencmic RNA (RNA 2sub b ) , which ls believed to direct 
translation of the downstream TGB proteins. 
5 Similar complementation experiments were 

earned out with re P 13, replS and the dicistronic construct 
re P 1315. Both repl3 and rep!3l5 were able to complement 
accumulation on leaves (Fig 4, lanes 14 and 15, of - he 
-tant PB2-14-I, m which the P13 gene had been disabled by 
10 insertion of four nucleotides (the insertion created an 
Xhol site), althouah the resulting local lesions 
necrotic. Necrotic local lesions were also produced during 
mixed infections with the aforesaid replicons and wild-type 
RNA 1 and 2 (see below), indicating tnat the replicon- 
15 related symptom phenotype is dominant over the wild- type. 
The novel symptoms may be related to di^f~r- PP ™ ^ \ 
time course of synthesis or the level of accumulation of 
P13 when it is expressed from the replicon rather than 
full-length RNA 2. 

20 In ^Perimerits such as those described above, 

it is important to demonstrate that the mutation originally 
introduced into the P42 or P13 gene on the RNA 2 transcript 
was still present in the progeny RNA 2, that is, r he 
defective copy of the TGB gene on the transcript had not 
25 been converted to the wild- type by RNA recombination in 
Planta (2- with the copy preser, on the replicon. 
Therefore, an R7- PCP experiment war- -a — ^ .... _ 
crogeny viral RNA t „m a p. ant infected with RNA 1, cB -. L4 . 
H transcript fP42 gene disrupted by filling 1R ar Soe , 
30 site) and rep4 2. Th„ primer P air used m tne p-.^R 
hyr luized to R MA 2 sequences flan^ma the P,- qenfc ind 
hence amplifies th,- cony cf tn~ gene present :n RNA , ;, u . 
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nor the copy :r. the repliccr., where en- flar.kinc sequences 
ara absent. Restriction enzyme analysis revealed char the 
SpeL site was absent in the resulting amplified CNA 
fragment, as expected for the mutated rather than the wild- 
5 type form of the TGE gene. Similar analysis of progeny 
viral RNA from plants infected with R>;A ;, pB2-14-r 
'frameshift mutation m P13 gene creating anA'hil site and 
either rep!3 or rep 1 3 1 5 similarly demonstrated that the 
mutation disabling the copy of tne P13 gene on the RNA 2 
10 transcript was conserved in the progeny FoMA 2 . We conclude 
that rep42 and rep 13 are indeed complementing ?42 ana ?13 
function by supplying the gene product in crans rather than 
simply serving as a source of the wild-type T"33 sequence 
for reccmbmat ion . 
15 unexpectedly , the repl icon expressing the 

wild-type ?13 gene ireplE; was unable to complement the 
P15 -defective RNA 2 mutant pB2-14-J in mixed inoculations. 
No local lesions formed on tne inoculated leaves 10 days pi 
and no viral RNA could be detected m the leaves by 
20 northern blot (Fig 4, lane 1^ . On tne other nand, when 
CB2-14-J transcript was coinoculatea with r e o x 3 1 5 , local 
lesions iof the necrotic type"' appeared and progeny viral 
RNAs were readily detected 'Figure 4, lane 18: . r n -r is 
latter case, analysis cf an FT - ?CF product containing the 
25 ?is gene in tne progeny RNA 2 revealed that thtr mutation 
disabling tne gene was still present. implement at 10:1 of 
pB2-14-J still occurred when trie FT: CFF in tne dic^stromc 
repl icon was _:it emitted by * f r amesh : f *: mutative . re: 1 : I = - 
7; Figure 1 estan^isnino t h a t exrress.o. — ; v t-^^-n 

3 0 P 1 3 l r cm t r. r first Z F F if ^ - — — ■ — — — > - . ^ * . . ^ ~ , , ~ _ _ 
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Evidence Z na t P15 l_S expressed f rem dicist^^ i; 

subgenomi c RNA 

An RNA 2 -derived subgenomic RNA ' RNA 2sub b ) 
of about 1500 nucleotides length has been detected in 
5 BNm-;nfected tissue (2). The 5' -extremity of this species 
has net been mapped precisely but is predicted to lie near 
the 5' -terminus of the ?13 ORF. No subgenomic RNA with 5 f - 
end upstream cf the F15 ORF has been detected, raising the 
possibility that, as m RSMV (3;, P13 and P15 are both 
10 expressed from RNA 2sub^. 

The aforementioned inability of rep42 to 
complement the P42 -defective RNA 2 mutant pB2-14- HP1 could 
stem from polar effects of the RNA 2 deletion on synthesis 
of downstream TGB proteins if the deletion has disabled the 

15 RNA 2sub^ promoter :The right-hand boundary of the deletion 
in p32-14-AHPl is only 30 residues upstream; of the P13 
initiation codon) . To test this hypothesis, an experiment 
was carried out m which the pB2-14-AH?l transcriot was 
complemented with both rep42 and repiBlr. heaves inoculated 

20 with thic mixture developed local lesions and contained 
progeny viral RNA 1 s -Figure 4, lane 20) It, cn the other 
hand, repll rather than rep!3 15 was used along with rep42 
to complement pB2-24- H?l, no symptoms appeared and no 
progeny vira. RNA 1 s were detected bv northern blot (Fiqxr^ 

25 4, lane 19) . These observations are consistent with the 
hypothesis tnat the pB2-14- HPT deletion interferes with 
expression cf the downstream TGB TR F r s , presumably by 
blocking RNA 2sub : transcription. Furthermore, the fact 
that complementation was successt\u w.itn rer- * y hut not 

30 with rep 1 3 inchoates tnat ?11 as well a:; FT/ : :.; translated 
trom RNA Rsubv, . 
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Independent: 



Trie ability j-l' repI3I5 but ncr reclB to 
cc^iplemer.: the ?15 - defective RNA 2 mutant. pB2 - 14 - J m leaf 
5 infections could indicate that independent expression of 
PI 5 f ror. the ncnocis z roni o replicon interferes with tne 
viral infection cycle by producing the gene oroduct m 
excessive quantities relative tc P13. To test this 
hypothesis, an experiment was carried cut m which renlB 
10 was inoculated to C. Guinea leaves along with wild- type 
viral RNAs 1 and 2. Mo lesions appeared on the inoculated 
leaves, even at late times pi -"Figure 5A), and nc viral RNA 
could be detected by northern blot '.'Figure 5B, lane 6) . The 
figure 5 (A) represents leaves of C. qumoa inoculated with 
15 RNAs 1 and 2 [leiz) or RNAs 1 and 2 plus rep 15 ( right ^ . The 
leaves were photographed 2 0 days pi when the local lesions 
on the leaf to the left had expanded so as to cover much of 
the leaf surface. In the figure 5 (B) , analysis by northern 
hybridization ias described m Figure 3) of the viral RNA 
20 contents of guinea leaves inoculated with BMYYY RNAs 1 

and 2 alone '.'lane 1) or together with repC lane 2" , rec42 
> lane 2), rep!3 (lane 4;, rep!315 (lane 5., rep!5 (lane 6 1 
repl5-J ..lane ~ , repl5-X (lane 8 ■■ or repPCY-P" (lane g- 
The positions of repl icons are indicated by arrows. > ;;i 
25 Analysis by northern Hybridization of the viral RNA 
contents of the inoculated leaves ■ lanes 1, ?■ and 2 and 
the roots . lanes 2, 4 and 6- of Seta xacrccarp * either 
mock - inoculated lanes 1 and 2' , inoculated wit:; 3NY\~Y RNAs 
2 and 3 lanes 1 and 4' or with RNA? L. anu clus 

30 repl: lanes - and €• . RNA ^ wao included m the inoculum 
r e r a u s e it i s h e c e s s a r " ■ ' i c r s \ * c t e m i ~~ T.cv6t e,r " * ~ ~ 
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with RNAs 1 and 2 alone were heavily injected 'Fiqure 5A; 
Figure 5E, lane 2\. The inhibition of virus miction by 
repll was nose - dependent . Addition of ten times less revl5 
to the inoculum mix still resulted m almost complete 
5 inhibition of lesion formation but lesser amounts of the 
replicon were progressively less effective in blocking the 
infection. ReplB also blocked the appearance of progeny 
viral RNA m the inoculated leaves and m the roots cf B eta 
UiacrGZarBa, a systemic host of BNYW 'Figure 5C\ lanes 5 
10 and 6; . The empty replicon, repO , and replicons expressing 
the other two TG3 proteins irep42, repll, repl315'i, on the 
otner hand, did not significantly inhibit 3NYVY infection 

of (L guinea leaves (Figure 5B, lanes 2-5). 

Since replS did not interfere with 
15 amplification of RNA 1 and 2 m C. qumoa. protoplasts (.see 
Figure 3), this suggests that the replicon interferes with 
movement of the virus from the initial site of infection 
into neighbouring cells (cell - to -eel 1 movement ; during 
local lesion formation on leaves. Lesion formation was not 
20 inhibited by comoculat ion of Stras 12 RNA with the 
replicons rep!5-J or repl5-X -Figure 5B, lanes 7 and £), 
which encode frameshif t - truncated f orms of P15. This 
finding confirms that expression of Pis from the replicon, 
rather than the simple presence of the corresoendma RNA 
25 sequence, is required for inhibition during the mixed 
infection experiments. In the ore sense of repi5-X, however 
the resulting local lesions were about one third the 



diameter c: the lesions formed by : nfectior: with Stras 1 



alone or with Stras 12 plus re v r - J a n c t h e content of 
30 progeny viral RNA in the infected leaves was significantly 
* owe r ; F i gu re SB, 1 a ne 5 ) . Th is f i no i no s uqq ests that the 
full length ?lh molecule produced bv r-ol^-X 
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-apacie or s^s:::u:;ng 
complement at : on experiment. car 

RNA 2. FresumabiV, the f 



10 



15 



20 



: or a* i lei -type FIB a 
"fere with the ~ e 1 1 - 1 o - 
the wild- type ?:b produced l'iit, 
1- length ano truncated terms of 
F15 compete with one another for binding sites an another 
component, which could be of either viral or ce^lu'a^ 
origin.) involved in the movement process. 

As noted above, sequence comparisons between 
difrerent viruses possessing a TGB have revealed little 
imilanty between the different TGE3 genes. For 



sequence 
exanp.o , t h 
f urovirus i I 
with F15 of 



iE2 protein ''PI' 



peanut clump 
V: displays no significant sequence similarity 
}NYVV (4) even though both viruses can infect 



25 



2a. To determine whether independent expression of 
tne PCV TGB 3 protein can interfere with a BNYVV infection 
m a manner similar to that observed with reolS, a BMYW 
RNA 3 -derived replicon ccntaining the PCV TG33 - repPCV - P 1 7 ; 

Figure l' was constructed. 2, quince leaves inoculated with 

3NYYV RNAs 1 and 2 plus rep?CV-?I7 did not develoc symptoms 
ana no progeny RNA ' s could be detected bv northern 

blot <' Figure 5A , lane 9 . This observation suggests that 
the pathways by which 3NYYV and PCV move from sell -to- cell 

- n i*L ^juinoa share at leas" one common element which :n 

spite of their dissimilarity in sequence, interacts 
tne TG33 products of both viruses. 

The Inventors nave snown that 
carrying P42 and P13 can complement BNYW RNA 



w 1 1 n 



reo _ i con: 
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5 is 



relative disposition of the P13 and P15 genes or. re P l3: 
identical to their disposition on RNA 2sub ; ., the subgenera 
WhlCh 13 bellSVed ~° ^ect synthesis of both crcteins 
in wild-type infections. This suggests that successful 
5 cell-to-cell movement of BNYW requires the presence of Pi 3 
and pis in appropriate relative amounts and that production 
of both proteins from the same subgenomic RNA represents a 
mechanism for coordinating their synthesis. The inability 
of re P 15 to complement the P15 mutant RNA 2 transcript pB2- 
10 14-J and its ability tc inhibit infection by wild- type 
virus would then both be due to over-produce ion of P15 
relative to P13 when the former is translated from tne 
replicon and the latter' from RNA 2. When P15 is expressed 
from the diciscronic replicon repl315, on the other hand, 
15 appropriate relative P13-P15 levels would be produced! 
allowing cell-to-cell movement to proceed. The "correct- 
relative levels of accumulation of P13 and Pis in a wild- 
type infection are not known. Translation of repl 3 : 5 m 
wheat germ extract produced three to five times more ?13 



20 than PIS but such experiments do net necessarily reflect 
the situation in planta since the turnover rates of the two 
proteins may differ significantly. Note that these results 
indicate that TGB-mediated cell-to-cell movement is less 
sensitive to over-expression of P42 and P13 relative to -he 

25 "correct" levels characteristic of a normal infection since 
co- inoculation of rep4 2, repl3 oi rep!315 with -.v.lo type 
virus did not inhibit infection (Figure S, lanes 3-5;, 
although tne lesions produced m the presence of rep 13 and 
re P 1315 were necrotic. Thus, it snows r ha f expression of 

30 Pib in transgenic oIant=; ~ou\i --r-T-. 

-3 k-<^i.l_ _ou^u nrL/iac a neenanisT. tor 

inducina DKY'^/--"S - sr vir^ ."r-.-,~ . j 
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ran re at carried . 



lz> gam a Letter oncers t anamg of how the 
relative levels of PI: ana PI" are regulate:: uurma 
translation will require learning how the P15 cistron is 
accessed by ribcscmes or: RNA 2subi 0 . Translation initiation 
at an internal cistron of a eucaryetic messenger P2\jA r,av 
occur by several mechanisms, including ( i ; leaky scanning, 
where a traction of the ribosorr.al subunits which begin 
scanning the RNA at the 5 ' - end move oast the first: uicn- 
optimal '' upstream AUG without initiating ^24; , and 1 1 ) 
internal entry, where ribosomal subunits bind direc:lv to a 
special sequence on the RNA near the internal initiation 
coder ''25: . A third possible mechanism, termination- 
reinitiation (24^ , appears unlikely to apply to any of the 
TGB - containing viruses because the overlap between the TG32 
and TG33 cist rons would require ribosomes to scan backwards 
after terminating TGB2 to reach the TG33 initiation codon . 
It has been suggested that the TG32 proteins of BSMY and 
PVX are translated by a leaky scanning mechanism (3, 9; 
The BNYVY PI 5 gene may also be produced by leaky scanning 
although it should be noted, however, that the context of 
the BNYW P13 initiation codon ■ AUA AUG U ■ is nearly Decimal 
and there are also two downstream AUG 1 o which scannma 
s ubun 1 1 s wou 1 d have to .1 qncre t : r eac h t he PIE . n it 1 3 1 1 on 
codon . 
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The plant material and arowth r 0 ^,^, nc 

~ -^ai.^ons were 

the ones described by Hail „ c ai P ^ n . ~ „ 

PP. 339 -342 ;i99, Pedersen at ai Plar . , " ' 

' ' hiar - science 95 

. P L 89 " 97 !!993) ' — — — s blotechnology 14 ; 

=> 1996, m press. 

The piasmid dET-PI^ 'v-, = >-^ 

P l - harbouring the pi 5 

nucl.ie acid S e q ue,c e! was r«triot«, « U . Slnaie 3aw; 

^ •*"*—«» «>* « D„A poXy™.»... After 

purification by electrophoresis m 0 5 5 

J • u - agarose gel , the 

hnSar plaS ^ d WaS restrictfi d at its sangle Ncor gite ,^ 
P15 gene fragment of 40C b P was purified by electrophoresis 
and inserted into pMJBX-Ub (harbouring the Arabidopsis 

15 poiyubiquitin promoter (Norris et ai P i an . Mnl , 

^ - > ^dn. Molecular 
Biology 2 :. pp . 895 . 906 (lgg3)f a ^ ^^^^ se ^ e 

and the Mos 3- terminator) cut with Nccr and SmaJ 
restriction endonucleases . In the piasmid so obtained 
(pMJBX-Ub-Pis,. the nucleic acid sequence of the ^ qene 
- is placed under the control of the Arabidopsis 
polyubiquitin promoter followed by the TMV enhancer 
sequence. The EcoRI fraqnen . f 

gmen ^ - rorn plasmia pB23 5SAck 

contains the pat gene, used a-s th» seie-,^ 

otueca ve marker, 

encoding phosphmochncin acetyl ^ rars f eraqp _ . , c 

^ai.b.erase ^obtained f r Qm 

25 Agrevo, Berlin Germany). On -h^ F ^ 0 ^ , 

bLoR. fragment, r:he 

nucleic acid sequence of the pat gene is under tr,~ control 
° f 5 ' and expression signals of tb. ^. fl . 

virus. The piasmid pMJBSG, resulting - r -p- -h* —rrh 

' ' • 1 1 -—^ ^ na t : on 

of this EcoRI -par. fragment and a partial EcoRI d-aesci~n -f 
30 olasmid pMJBX - Ub - P 1 5 , contains both r.ne oar and^fe^i, 

^ PMJBS6 - - hi ? h-copv plasma based on 

tn ~ P UC13 vector and contains a" - 

1 " - ■ ■ : - - -ima.Tr gene 
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amp r In the plasmid pIGFCT, harbouring the same oat 

rragr.e:;: -s pB2 3 5*SAck, in-- -la"nmas^ :en- was reclamed bv 
^P- imidazole glycerol phosphate dehydratase gene 
from SarcharOu.yces cerevisiae Strunl et al. ( Proceedings 
National Academy of Science USA 72, pp. 1471-1475 
.ion for and maintenance of the plasmid m 
:oli was achieved by complement at lor: of an 
iuxotroph.c msB strain SE393C on minimal medium m the 
absence of antibiotics. The Pi 5 fragment, with its 
10 uriquitm promoter and terminator sequence, was purified as 
a 2510 bp fragment obtained from the pMJBX - Ub - PI 5 plasmid 
after it was cut at the single Hindi I I site, followed ov a 
partial ScoRI restriction. This fragment was blunt -ended 
and inserted m a blunt -ended p!GPC7 plasmid, cut at tne 
15 single \ T ccI site. The resulting p!GPDS4 plasmid contains 
botn tne par and the PI 5 genes on a vector without tne S- 
1 act ama se gene . 

Plant material 

2 0 In vitro shoot cultures of sugar beet 

plantlets were initiated to provide a reusable and uniform 
source of sterile starting material and were maintained 
with a 4 -weekly subculture perio-d as described bv Hall et 
al . , Plant fell Reports 12, pp. 3 ) 3* - 3 4 2 [1993* 

25 

I/ajrqre -scale isolation of sugar beet epidermis 

A mo d i f l e d v e r s l c n of the b 1 e nde r met he d o v 
Kruse et al., Plant ?hys\~lo^y 2 9 1 . or . 1232 bjo-' : -» ^ ^ - 
was used. For each isolation, 2 o l-aves witn one mi:ribs 
30 remveo from 4 week r ; d oh • i - was i ended in a W^rinq 
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ell medium 
PVP4G, 
on 



10 



metal beaker containing 50 ml cold .4 o c; : 
(100 g /: Ficoll, 735 mq/1 CaCl 2 . ?H 2 C , 1 

autoolaved) . The epidermal fragments were then recovered _ 
a 297 ^ nylon fllcer and washed w . th mi scer _ ie ^ 

water. These were rinsed from the filter into a 9 C m Petri 
dish using 10 ml CPW9M containing 3.8% ( w/v , CaCl 2 .;>H 2 0 
(Krens et al . , Theoretical and Applied Genetics 79 pp 
390-396 (1990). Any remaining leaf fragments were removed 
and dishes were premcubated for 1 h at room temperature. 

fraction 

Tc recover the epidermis fraction, nhe 
suspension was centrifuged for 1 miri at 55 x g af _ er wh±ch 
the supernatant was removed. The pellet was resuspendec in 
50 ml enzyme mix and 5 ml aliquots were transferred to each 
of 10, 6 cm Petri dishes (Greiner, TC quality), sealed with 
parafilm and incubated overnight at 25 o c ln darkneag wich 

gentle aquation. Th^ h^ocm^ 

— — .uc^xum consisted of CPW9M 

20 supplemented with 0.5% ;w/v) Ceilulase RS and 3% (w/v , 
Macerozyme R10 (Yakult Honsna, Tokyo, Japan), p H 5.8. The 
following morning, the protoplasts were generally seen 
floating near the surface of the digestion mix. After 
gentle agitation of the suspensions using a sterile pipette 
to release the protoplasts still adhering zo cuticle 
fragments, the digestions were pooled and passed through 
297 and 55 „ m nylon filters. The filtrate was mixed with an 
equal volume of 1 so - osmot . o PercoLl containing 15, 



15 



25 



30 tubes. In each tube, first 1 ml CPW15S (Krens e. 



ml cent ri Suae 



sucrose -PercolliSS) and d: viced r/er 12 x i_ 

• , 19 9 0) 



- n ~ a ~'° J w ' ' 1 ^r.:n:c. .::,r;':a:r.ing . m.y :aC1 
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9M ' were carefully layered on ten - the protoplast 

suspension. After centrifugation at 55 x g for 1 mm the 
' 1 a c ^ - guard cells we re v;s:cle 1 n 



interface. concentrate the protoplasts, these bands w 



a n a ^ d t t n e ^ ? w 1 5 5 / 9 M 

e re 

collected and mixed with ?ercolll5S to give a final volume 
of 16 ml. This was then divided between 2 centrifuge tubes, 
layered as above and recent ri fuged . Careful removal of the 
9M layers yielded the enriched guard cell protoplast 
subsequent counting using a haemocvt one t er . 



10 

Pro topi as t t rans forma tlon 

Transf ormar 10ns were performed m 12 ml 
centrifuge tubes. each containing 1 x ic 6 crotcolasts 
suspended m 0.75 ml 9M medium. Plasm DMA (50 /ia of 
15 pMJBX-Ub-?15 ana pIG?DS4 : was added and, immediatelv after 
mixing, C.75 ml PEG medium, was added dropwise (4C% PEG 6000 
dissolved m F medium (Krens et al . , Nature 2 96, pp. 72-74, 
( 1982' . After thorough mixing, the suspension was Kept at 
room temperature for 3C mm with intermittent agitation. 
2 0 Subsequently, at r mm intervals, 4x2 ml ^liquots of F 
medium were added. After cent ri fugat ion for 5 mm at 5B x q 
tne supernatant was discarded and the protoplast pellet 
resuspended m 9M and recen t r 1 f uged . The tells were fmal^v 
resuspended m 1 ml cf 9M medium for count ma. 



25 



30 



P rotoplast culture and selection 

Frctcplasts were embedded Oa -ilcinate and 

cultured m modified, liquid K-t media- y;,^; ^ r 1 1 . , 
1?5C . To se.ee: tor stably t rans forme :i :rd/ rmlames, 
tne active ocmpaund cf Kerhiaeo Mem Seika Ltd, Japan 
was aidec after " days. hv- a era. c:;cvmc of 

- ■ • - ■ " • ^ ■ -ma^~ ;c ; c .v-re tc mt: ■ mm 
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slices and transferred to P3c medium (De Greef and Jacobs, 
Plant Science Letters !7, pp. 55-61, 1973) supplemented 
with 1 MM BAP :?G13) and 250 „g/i bialaphcs and solidified 
with 0.8% agarose. 



Callug culture an d regeneration 

After 21 days, the pieces of alginate 
containing the non-visible microcalli were transferred tc 9 
cm Petri dishes containing 20 ml Medium K (3% sucrose, 0.8% 
10 agarose, 1 M M BAP , PGo medium, P H = 5.8 autociaved). 
Culture was in the dark as above. 

Friable, watery- type calli on reaching the 
size of approximately 1-2 mm m diameter, were individually 
picked off and cultured in groups of 20 on fresh Medium K. 
15 At this stage, PGR analyses confirmed the presence of 
t rans f ormant s . 



At two-weekly intervals all calli were 
subcultured on to fresh medium. 
20 Hegenerants appeared during the first 8 weeks 

of culture of individual calli. When the first shoots were 
visible and had reached a size of approximately 2 mm, the 
dish was transferred into the light (300C lux:, 25 o C( 15 
hour day length. 

25 Plantlets approximately 4 mm long were 

transferred to individual culture tubes containing 15 mi of 
Medium K and were fur Cher subcultured m the lighr as 
above . 



30 flPPtinq and tran sfer tn the «niT 

When the plantlets had reached the four -leaf 
stages (usually after 5 co z weeks with one subculture 
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10 



15 



culture tubes 



a q arose , 25 
pH - 5.8 
W - e t a I 
and further 



arter 1 weeks 1 , thev were transferred t<; 
ccncaming .5 ml cf Medium I, ; 3 -t sucrose, J.- 
/iM ir.dc lobutyri e acid 1BA 1 , FGo medium, 
autcc laved' ; FGo medium described bv le Gree 
Plants Science Letters 1 1* , po . 55-61 <!9~3' ' 
cultured as above. 

When at least one rccr. had reached a length 
of 1 cm, the plantiets were removed from the culture tubes 
ana washed unaer running tap water tc remove all fraaments 
of the agar, and transferred to soil m 9 cm cots m the 
greenhouse . 

Plant lets were covered with a transparent 
plastic cup tc provide " a humid environment for ^ days, 
after which they could be grown without protection. 



The plan 



tans r o rmea 



tne secuer.ce 3 li Q ^ D 



NO . 



according to the invention is recovered and has been 



expressed ?15 . 



DNA analysis 

20 Genomic DNA isolated from tne primary 

t ransf ormants is elect rcphcresed m a 0.8-1 agarose gel 
after treatment with restriction enzymes and transferred to 
a nitrocellulose membrane using standard crocedures, 
according to the manu fact ere r ' s crctccol. Hvbr idisa t ion is 

25 performed with the DNA , as u 3 2 P - dAT? - L abe 1 1 ed probes, 
whose presence it is desired tc establish. The membranes 
were washed to a final stringency of 0.1% x 3ST, C . 1 % SCS 

at 6G ?, 0 . The hybridized DNA is visual ^sed by darken mo the 
X-ray film tcr 14 tc 4 8 nours . 

30 
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PCR analysis 

Standard PCR techniques were used :o detpct a 
range cf intact piasmid sequences. Reactions were performed 
using 25 cycles cf 1 mm denaturation at 94 °C, : min 
5 annealing; 2 mm extension at 72 °C, with a final extension 
period of 5 mm. Tne annealing temperatures were optimised 
for each primer combination. The presence of the ccdina 
region of tne 3NYW P15 gene m tne sugaroeet genome was 
verified by PCR using a pair cf oligonucleotides as primers 

10 : MOV1 , sense primer [ 5 ' --GGTGCTTGTGGTTAAAGTAGATTTATC-- 3 * 
'nucleotides 3 to 29 on SEQ ID NO 1 ; ] and MOV2 ant isense 
primer [ 5 ! - CTATGATACCAAAACCAAACTATAGAC - 3 1 complement arv to 
the nucleotides 2 59 to 3 95 on SEQ ID NC 1)]. This 3 92 bp 
long fragment comprises the whole coding region of the P15 

15 gene for BNYVV (see figure 7) . 

Figure 7: Analysis of PCR products obtained 
with sugarbeet DNA from PI 5 - r.ransf ormant s 'lane 5 to ^ ) and 
an untransf ormed plant (lane 4;. Lew DNA Mass Ladder*!) 
(Life Technologies) was used as a size marker ; lane 1') 

20 Lane 2 and 3 correspond to the positive controls 
';piMJBS6/pIGPDS4 ) . The arrow on the left shows the position 
of the expected PCR product. 

S outhern blot hybridisation analysis 

25 The integration of :he 3NYW ?15 gene m the 

sugarbeet genome was verified by Southern riot 
hybridisation. Total DNA of primary transgenic regenerants 
was isolated, d i g e s ted w 1 1 h re s t r i c t i on e n s -^e s ;' p s t r 
Kpnl , Ncol , Sac I , e 1 ec t ropho resec , clotted and nvbridised 

30 w:m 3NYW P15 specific 2 P - 1 abe 1 1 ej probes using PCR 
amp 1 i f i ed M0V1 - M3V2 f ragmen t ' see _ i qu re 3 : . 
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Figure 3: Southern bic: analysis. Lambda DNA 
digested with Hindu: was used as a size marker 



lane 1 



the transgenics : 



4 ^ , ^ 



Lanes 2 t o 16 

SaCI, 6 to 8 digested with PstI, 10 to 12 digested witn 
MccI, 14 to 16 digested with Kpnl . Lanes 5, 9, 13 and 17 
correspond to the unc rans formed clant . 
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1. Method for inducing res:s:ancp to a virus 
core i- si -a a TG-l sequer.ee with :he proviso -hat it is not 
tne potato virus X , into a plant cell or a plant, 
5 comprising the following 
steps : 

- preparing a nucleic acid const rue t corr.prioinc a nucleic 
acid sequence corresponding to at least 72% of the 
nueleic acid sequence of TG33 of said virus or its 

10 corresponding eDNA, being operably linked to one or more 
regulatory sequencers; active m a plant, 

- transforming a plant cell with the nuclei: acid 
construct, and possibly 

- regenerating a transgenic plant from the transformed 
15 plant cell . 

2. Method according to the claim 1, 
characterized m that toe nucleic acid sequence of the 
nucleic acid construct corresponds to at least 90% of tne 
nucleic acid sequence cf TGE3 of said virus or its 

20 complementary oDNA . 

3. Method according to the claim 1 or 2 , 
character i ced m that the virus is selected from the aroup 
consisting of tne apple stem o it ting virus, the b luebe^^ 1 ' 
scorch virus, tne potato virus M , the white clever mosaic 

25 virus, the ^ymbldium mosaic virus, the barley stripe mosaic 
virus, the potato mop top virus, the peanut clumc virus and 
the beet sc i - -borne virus. 

4. Method according to any of th~ preceding 
claims, characterised in that tne plant :eh is a stoma: al 
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the group consisting of app^e, blueberry, potato, clover, 
orchid, barley or peanut. 

6. Method according to claim i or 2, 
characterized m that the virus is BNYW, the nucleic acid 

5 sequence of TGB3 of said virus is comprised between the 
nucleotide 362^ and 4025 cf the 5' strand of genomic or 
subgenorr.ic RNA 2 of the 3NYW and the plant is a beet, 
preferably a sugar beet (Beta xulgaris) . 

7. Method according to any of the preceding 
10 claims, characterized m that the regulator'.' sequence 

comprises a promoter sequence or a terminator sequence 
active m a plant. 

8. Method according to claim 7 characterized 
m that the promoter sequence is a constitutive or a 

15 foreigner vegetal promoter sequence. 

9. Method according to the preceding claim 7, 
characterized m that the promoter sequence is selected 
from the group consisting cf 35S Cauliflower Mosaic Virus 
promoter, and/or the polyuoiqui t m Arabidopsis t ha liana 

2 0 promoter . 

10. Method according to any of the claim 7 zo 
9, characterized m that the promoter sequence is a 
promoter which is mainly active- m the root tissue of 
plants such as the par promoter of the haemoglobin gene 

25 from Perosponia andersonii. 

11. Transgenic plant resistant to a virus 
with the proviso that it :s not the potato virus X, 
comprising .a nucleic acid construct having a nucleic acid 
sequence corresponding to at least 70% 1 1 the -ucieir acid 

30 sequence of TGoj of said virus or its corresponding cDNA , 
being operably linked to one or more regulatory sequence (s) 
active in a slant . 
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20 



- ne 



12. Transgenic plant according tht 
i ^ , c na r a c t e r i c e a i n t ha t the nu c 1 e i o ac: i c c n s t ru c t 
r. u c 1 e i c acid, s e cru e n c e c c r r e s p c n d i *~ o ^ ■ ~^ - ^ ^ — — *- o s- 
nucleic acid sequence of TGE3 cf said virus or its 
complementary c T M A . 

13. Transgenic plant according :: the claim 
11 or 12, characterized m that the virus is selected from 
the group consisting of the apple stem pitting virus, the 
blueberry scorch virus. the potato virus M , the white 
clover mosaic virus, the Cymbidium mosaic virus, the potato 
virus X, the barley stripe mosaic virus, the potato mop top 
virus, the peanut clump virus and the Dee: soil -borne 
vvirus . 

14. Transgenic plant according to the claims 



!r consisting 
bariev or 



15 11 to 12 oemc a o 1 a ret selected from 

of apple, blueberry, potato, clover, crchi 
peanut . 

15. Transgenic plant according to the claims 
11 or 11, characterized in that the transgenic plant beina 



a beet, preferably a sugar beec 1 Beta 
is 3NYVY ana the nucleic acid sequence 



virus is comprised be ewe en the nucleotide 3 52" 
the 5' strand . f genomic cr suhgenomio RMA 1 
its corresponding cDNA. 
25 16. Transgenic plant according t 

preceding claims 11 to 15, characterized 
regulatory sequence romprises a rr: 
t e r m i na t c r s e ou e nc e active i;i ; n 1 ant 



the virus 
'G B 3 of said 
and 4C25 of 
■of BNYW or 

:■ any of the 
.n that the 
u^nce and a 
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18. Transgenic plant according tc the claim 
17, characterized in that promoter sequence is selected 
from the group consisting of 35S Cauliflower Mosaic Virus 
promoter, and/or the polyubiqui t m Arabidopsis thaliana 

5 promoter . 

19. Transgenic plant according to claim 17 or 
18 characterized in that 'the promoter sequence is a 
promoter which is mainly active in root tissues such as the 
par promoter of the haemoglobin gene frcm FercsDcma 

10 anderscnii. 

20. Transgenic plant tissue selected from che 
group consisting of fruit, stem, root, tuber, seed of a 
plant according to any o'f the preceding claims 11 to 19. 

21. Reproducible structure obtained from a 
15 transgenic plant according to any of the preceding claims 

11 to 19. 
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2sub a 
lsub b 
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-r 
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— 4d is rep i 3-1 



P13 |- 



— Uils rep 15- J 

— tots rep I 5* \ 



r — -im.s repl3l5-I 

PIS ) 



repO 
rep42 

rep 13 

rep 15 
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OCT TOT 

G C 



J CTG STT AAA 7TA OAT CCT AAT ATT CTA TTC ^BC vr^ - 

* 7 - 7 V X 7 0 1 S >f r 7 IT 17*;! 

5:/:: 91/31 

CTT CTT CTC ACT ATG TTC TAC TCA CCS 7TT TTC A£C AAC ^aT CT? AAA CC3 TCC AGC 
y 7 v S M Z. 7 3 ? T ? 3 ^D7^A3 s ^ 
121.' 41 ^;/51 

33A » ATT TT? AAG CGG AGC CGC TCT ATC AT3 OAC AGG AAT TCC CTT CCT CAA TTT 
A C A 1 ? X C 3 C C CMDXJfSrAQ*" 

-31/61 rn/ri 

CGC ACT TGC OAT ATT ^ AAC CAT CTA CCC CAG TCC ATC ACT AAC CTT CCT ACC AAA 

S3CDIPX3 27 A25 I T X 7 A 7 £2 
141/31 271/91 

CAC CAT 7TT CAC ATA ATC CTA AAA AGG GGT CAA CTG ACC 3T7 CCT CTT CTC ACT CTC ACT 

s 3 v C Z M 7 * 3 3 Z 7 T V H 7 7 - 

:c:/:o: :c:/iii 

CAA ACT ATT TTT ATA ATA TTA TCT AGA CTC TTT CGT CTG CCC CTG 7TT TTC TTC ATC ATA 

-"l^CIwSRw?CLAV?^rHr 

361/121 191.131 

TCT 7TA -\TC TTT ATA CTT 7GG TTT 7CG TAT CAT AGA 7AA 

- 1 M 3 Z 7 A T '4 Y H" 3. 
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